INTRODUCTION
Smart materials are materials with properties that can be significantly altered in a controlled fashion by external stimuli, such as stress, temperature, pH, moisture, electric or magnetic fields. Especially materials, which can respond to the changes in their environment in a very short time, are currently developed. An elastomer comprising a matrix interspersed with micron sized ferromagnetic particles is known as a Magnetorheological Elastomer (MRE). The rheological properties of MREs (the deformation and flow behaviour under stress) are altered by the application of an external magnetic field 1 . The characteristic response of MRE is influenced by many factors including; the elastomer matrix, the size, distribution, composition and percentage volume of the ferromagnetic particles, and whether
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ABSTRACT
Smart materials are materials with properties that can be significantly altered in a controlled fashion by external stimuli, such as stress, temperature, pH, moisture, electric or magnetic fields. An elastomer comprising a matrix interspersed with micron sized ferromagnetic particles is known as a Magnetorheological Elastomer (MRE). The rheological properties of MREs are altered by the application of an external magnetic field. The characteristic response of MRE is influenced by many factors including; the elastomer matrix, the size, distribution, composition and percentage volume of the ferromagnetic particles, and whether the ferromagnetic particles are aligned in chains or randomly dispersed. During the past two decades the interest in intelligent material based solutions has shown a huge growth. Present work deals with the study of preparation method of Magnetorheological Elastomer mould and testing for its dynamic behaviour. Micron size iron particles are used for the preparation of MRE in order to increase number of iron particles in elastomer matrix. Two different types of MRE moulds are prepared and their dynamic response has been studied. Comparison has been done between MRE mould cured with magnetic field and without magnetic field by testing them with and without application of magnetic field. The results obtained are satisfactory and can be applied for automotive sector to reduce noise and vibrations.
Key words: Smart Material, MRE, Curing, Spring Constant, Response Analysis. the ferromagnetic particles are aligned in chains or randomly dispersed. MRE's are used to change the natural frequency of the system by changing the stiffness of the structure. During the past two decades the interest in intelligent material based solutions has shown a huge growth. In this study dynamic response of the MRE mould has been presented. Comparison has been done between MRE mould cured with magnetic field and without magnetic field by testing them with and without application of magnetic field.
Preparation of MRE
Full-proof process for MRE preparation is not given anywhere in previous literature. So trial and error method was used in order to get solid mould. Different types of rubbers available in market. Selection of particular rubber depends on its properties and availability. Here Sylgard's 184 silicone elastomer was selected for the preparation of moulds. Initially normal rubber was used for mould preparation in order to study curing procedure because Sylgard's184 silicone elastomer is much costlier. It was observed that as material combination changes curing time and properties of final mould also changes. In some cases even solid mould was not formed even after heating or curing mould for 48 hours. By taking lots of efforts and observation under expert guidance following fabrication procedure was finalised for preparation of MRE mould using Sylgard's184 silicone elastomer.
We successfully prepared eight moulds ( Figure I ). Mould No.1 is prepared by using sylgard's rubber in order to study curing process presence of magnetic field. Mould No.2 is prepared to study effect of heat on Sylgard's 184 silicone elastomer it is transparent because of absence of magnetic particles [2, 3, 4] .
Two types of moulds were prepared for testing like -MRE Mould prepared by using Sylgard's 184 silicone elastomer and cured in magnetic field i.e. 184 mMRE (4 Nos.). MRE Mould prepared by using Sylgard's 184 silicone elastomer and cured without magnetic field i.e. 184 nMRE (4 Nos.).
Testing of MRE MOULD
Dynamic response of two moulds, i.e. 184 mMRE and 184 nMRE has been studied. Test set up [6] required for testing this MRE moulds was fabricated ( Figure II ) along with various instruments like accelerometers, FFT analyzer, Data acquisition and analysis software. This set up also includes the exciter, base plate and accelerometer. MRE mould was accommodated in aluminum housing with two magnetic poles M 1 and M 2 . Load was applied over top surface of MRE mould. This load applied was constant for all mould readings. Accelerometer was mounted over the load indicating vibration level in absence of magnetic field and in presence of magnetic field for both types of MRE moulds. A magnetic field of 0.7 T was applied both sides for getting MRE effects. We tested 8 (4 nMRE and 4 mMRE) mould for investigating their dynamic response behaviour.
RESULTS AND DISCUSSION
During testing various data were recorded and from that the frequency responses (acceleration versus frequency) of 184 nMRE and 184 mMRE were plotted.
Experimental results for 184 nMRE
The frequency response for the MRE cured without magnetic field (184 nMRE) is shown in Figure III & IV with and without application of magnetic field. Each graph contains plot of acceleration versus frequency. X coordinator of cursor value at right side of each figure indicates natural frequency of 184 nMRE at that particular condition. The natural frequency without magnetic field is indicated by f 0 and the same with magnetic field is indicated by f 1 .
Experimental results for 184 mMRE
The frequency response for the MRE cured with magnetic field (184 mMRE) is shown in Figure V and VI with and without application of From the graphs values of frequencies f 0 and f 1 for various other moulds were obtained. Percentage changes in resonant frequency were calculated, keeping load constant for all the mould conditions, from obtained frequencies and summarised in Table I. According to Jolly et.al., 5 , for an MRE experiencing a shear force, fractional change in modulus ΔG/G 0 is related to the fractional change in natural frequency Δω/ω 0 , using, ... (1) Solving for fractional change in modulus yields, ... (2) Assuming that the equation for the shear modulus can be applied to the elastic modulus when the stress is applied uniaxial to the material, we obtain the values for the fractional change in modulus these values are shown in Table II .
From Table I These results show that aligning the iron beads while elastomer cures allows the applied magnetic field to have a greater effect on the change in modulus. From these it is clear that as we change the size of iron particles, it affects on the natural frequency when magnetic field is applied. The response of 184 mMRE to applied magnetic field is remarkable as compared with 184 nMRE. Also it is observed that natural frequency of 184 mMRE is always greater than that of 184 nMRE.
CONCLUSION
The results obtained in this study shows that aligning the iron beads while elastomer cures allow the applied magnetic field to have a greater effect on the change in modulus. Also MR Elastomer gives satisfactory response to applied magnetic field. Its resonant frequency and modulus of elasticity varies with magnetic field. This characteristic of MRE mould could become important feature in automotive sector for reducing noise and vibrations.
